In the non-advised section, students spent an equivalent amount of time in weekly team progress meetings. The instructor and teaching assistants spoke with each group independently for about 8 minutes to see how their team was functioning, what progress they had made, what materials they might need, to give advice on their design, and to encourage brainstorming where appropriate. In the first year of intervention, the non-advised group was taught first, followed by the advised section. In the second year of intervention the order was reversed.
Regardless of section, the students were divided into teams of 5-7 students using CATME 4 and were challenged to envision and build products to solve an everyday problem. Many chose BME-related problems, though this was not required. Product concepts resulting from these problems ranged from a device for detecting when a patient leaves their bed in a clinical care setting, to a device to relieve a specified amount of weight from a patient during physical therapy. They subsequently engaged in two rounds of design, prototyping, and testing to ensure that they experienced iteration in the design process. At each stage of design -from conceptualization, to the initial and final prototypes -students maintained electronic lab books and made presentations. Along the way the students were taught CAD, were introduced to shop safety, and were required to use a variety of tools including table saws, band saws, drill presses, grinders and sanders, sewing machines, microcontrollers, laser cutters, and 3D printers (these most commonly used).
These intensive design-build activities lasted for 6-8 weeks of the ~14 weeks of instruction, including one round of design and construction iteration. Thus, the hands-on emphasis was unusually high. At the end of the course, each team generated an invention disclosure report in the format for submission to the University's office governing intellectual property, including comprehensive CAD drawings of their product.
Delivery of the assessments:
A test of engineering design process knowledge designed by others 5 was delivered on paper twice -once at the beginning and once at the end of the semester -in class, and timed by the instructor. Briefly, this instrument challenged students to examine a Gantt chart representing a design process, and identify things that were "good" or "correct" about the process as depicted, and things that were "bad" or "incorrect" about the process. Knowledge was assessed in seven knowledge domains, and scored 0-2 in each domain: In the 20 minutes immediately before the beginning-of-semester assessment was delivered, students were given an introduction to Gantt charts using a real world example. Only a brief reminder of the structure of a Gantt chart was given prior to the end-of-semester assessment. Students were asked to work on this assignment for 10 minutes.
Results and discussion:
The advised sections of the course totaled 70 students over two years, while the non-advised sections totaled 76. There were no significant differences in scores between the two years over which this study was conducted, suggesting that the sequence in which the sections were taught was not a significant factor in the outcome. Students' knowledge of the design process was highest in the domains of idea generation (brainstorming), building and testing, iteration and layout of the design process, and time allocation (see below table). In fact, students' time allocation scores were perfect both at the beginning and the end of the class. There were significant differences between the advised and non-advised sections of the course (see gray shaded cells in the above table). While the advised sections showed gains only in the domain of documentation, the non-advised group showed gains in documentation, layout and iteration, and total knowledge.
Needs
The greater improvement of the non-advised section over the advised section was perhaps due to repetitive brainstorming during the weekly team meetings, while the advised section was deprived of this activity. Work by others suggests that repetitive brainstorming improves selfefficacy 8,9 -people's beliefs in their capacities to produce desired effects through their actions 10 . We hypothesize that the construct of self-efficacy is covariate with actual process knowledge, and that process knowledge is improved through brainstorming. The latter may be tested by measuring whether knowledge of processes other than engineering design can be covertly influenced by brainstorming, but without overt instruction on that process.
These data are consistent with a previous study showing that the mode of instruction (textbook design projects, product archaeology, or service learning design projects) makes no difference to the accumulation of design process knowledge, nor do any of these modes actually lead to a measurable increase in total knowledge 6 . The mode of instruction reported in the present study most closely resembles an internship; internships have been found to specifically increase documentation knowledge, as we saw here, while regular engineering classes fail to cause such an increase, even over the span of an entire degree curriculum 7 .
Not only were there few significant improvements in process knowledge, but also the degrees of improvement were relatively small. Among the possible explanations for this are (a) failure of the immersive experiences to covertly deliver process knowledge, (b) that the instrument is not an accurate measurement of process knowledge, (c) that the instrument is overly sensitive to context, and (d) that the additional priming before the first measurement biases the instrument.
Context is almost certainly a factor, since the creators of the instrument found that the design problem prompt has a significant effect on the outcome of the instrument, even if the Gantt chart itself remained the same 6 . Further, others used this instrument and found positive results 11 , suggesting again that context matters. Future work will focus on creating an alternative measure of engineering design process knowledge.
